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Wehavepreviouslydevelopedanenzyme-linkedimmunosorbentassay(ELISA)tomeasurestool
decay-acceleratingfactor(DAF)andfoundthatstoolDAFconcentrationsweresigniﬁcantly
elevatedinpatientswithcolorectalcancer,suggestingthatthemeasurementofstoolDAFmaybe
valuableforthedetectionofcolorectalcancer.Inordertoreﬁnetheassayforthemeasurementof
stoolDAF,weinvestigated1)e?ectsofcentrifugationofstoolsamples,2)e?ectsofdetergents,and
3)adequatecombinationofvariousanti-DAFmonoclonalantibodiesfortheELISAsystemusing
onlymonoclonalantibodies.Wefoundthathigh-speedcentrifugationcouldbeomittedandthatonly
theremovaloflargeundigestedfoodresiduesbycentrifugationofshortdurationinalow-speed
benchtopmicrocentrifugesu?cedtoadequatelypreparethestoolsamples.Additionof2detergents,
octylβ-glucosideandsodium deoxycholate,knowntosolubilizeglycosyl-phosphatidylinositol-
anchoredproteinssuchasDAF,didnotinﬂuencestoolDAFvalues.Byusing2mouseanti-DAF
monoclonalantibodies(clone4F11and1C6),wewereabletoachieveastableELISA forthe
measurementofstoolDAFusingauniformsourceofantibodies.Theresultsshouldalowusto
consistentlyapplytheDAFassayforroutineuseinthedetectionofcolorectalcancer.
Keywords:decay-acceleratingfactor(DAF),colorectalcancer,enzyme-linkedimmunosorbentassay(ELISA),
monoclonalantibodies.
F orthescreeningofcolorectalcancer,fecaloccultblood(FOB)testinghasbeenwidelyused.
However,FOBisnotspeciﬁctocolorectalcancer,and
thee?cacyofFOBtestingremainscontroversial［1-4］.
Thus,thedevelopmentofmorereliablemarkersfor
colorectalcancerisimportant.
Decay-acceleratingfactor(DAF)isamembraneglyco-
proteinwhichregulatescomplementactivationbyinhibit-
ingtheformationofC3/C5convertasesandpromotes
theircatabolism［5,6］.Wehavepreviouslydemonstrat-
edenhancedexpressionofDAFinhumancolorectal
cancer［7,8］.Inaddition,wedevelopedanenzyme-
linkedimmunosorbentassay(ELISA)tomeasureDAF
instoolsandfoundthatstoolDAFconcentrationswere
signiﬁcantlyelevatedinpatientswithcolorectalcancer
［9］.Inthisstudy［9］,wealsoshowedthatstoolDAF
wasdetectedinasubstantialportionofpatientswith
colorectalcancerwhohadanegativeFOBtestandthat
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thecombinationofthestoolDAFmeasurementwith
FOBtestingsigniﬁcantlyincreasedthesensitivityforthe
detectionofcolorectalcancer.Theseﬁndingshavesug-
gestedthatthemeasurementofstoolDAFmaybe
valuableforthedetectionofcolorectalcancer.
Previously,westudiedthecharacterizationofDAF
releasedintotheculturesupernatantofHT-29human
coloncancercelsandfoundthatreleasedDAFwas
presentinitsmembrane-boundformaswelasinits
solubleform［10］.Thus,inthemeasurementofDAFin
stoolsamples,thepreparationofstoolsamplesbytech-
niquessuchascentrifugationandtheadditionofdeter-
gentspossiblyinﬂuencedtheresultingDAFmeasure-
ments.Inaddition,intheoriginalELISAforstool
DAF,weusedacombinationofmousemonoclonaland
rabbitpolyclonalanti-DAFantibodies［9］;theuseofthe
polyclonalantibodycouldhavebeenanobstacletoachiev-
ingastableDAFassay;usingauniform sourceof
antibodieswasthereforeindicated.Inthepresentstudy,
toreﬁnetheassayforthemeasurementofstoolDAF,we
investigatedthefolowing:1)e?ectsofcentrifugationof
stoolsamples,2)e?ectsofdetergents,and3)preferable
combinationofvariousanti-DAFmonoclonalantibodies
forthedevelopmentofanELISAsystemusingonly
monoclonalantibodiestomeasurestoolDAF.
MaterialsandMethod
Spontane-
ousstoolsamples(1-5g)wereobtainedfrom10patients
withcolorectalcancer(4womenand6men;58-82years
old;meanage:68years)andfrom8healthyvolunteers
(2womenand6men;45-72yearsold;meanage:58
years).Alhealthyparticipantshadundergonetotal
colonoscopicexaminationduetoabdominalsymptoms
and/orscreeningforcolorectalcancer;thehealthycon-
trolswerefoundtohavenocolorectaldisease.Informed
consentwasobtainedfromeachpatient.
IntheoriginalELISAassay,thestoolswereweigh-
ed,suspendedinanequalvolumeofphosphate-bu?ered
saline(PBS)containing1 bovineserum albumin
(BSA), 0.05 Tween 20 and 1mM
phenylmethylsulfonylﬂuoride (sample bu?er), and
centrifugedat20,000gfor15min.Supernatantswere
colectedandkeptfrozenat－80°Cuntiluse.Toanalyze
thee?ectsofcentrifugation,stoolsampleswereprepared
withouttheuseofhigh-speedcentrifugation.Weighed
stoolsamplesweresuspendedinthesamplebu?erand
centrifugedinalow-speedbenchtopmicrocentrifugefor
30sectoremovelargeundigestedfoodresidues.Super-
natantswerecolectedandkeptfrozenasdescribedabove.
Toexaminee?ectsofdetergents,2detergents,octyl
β-glucoside(Pierce,Rockford,IL,USA)andsodium
deoxycholate(SigmaChemicalCo.,St.Louis,MO,
USA)wereaddedtothesamplebu?er.Stoolswere
suspendedineachofthesamplebu?erscontainingoctyl
β-glucoside(60mM)orsodiumdeoxycholate(9mM)and
wereincubatedat4°Cfor30minandcentrifugedina
low-speedbenchtopmicrocentrifugefor30sec.Super-
natantswerecolectedandkeptfrozen,asdescribed
above.
For
theanalysisofthee?ectsofcentrifugationanddetergents,
theoriginalELISAsystemwaspreparedasdescribed
［9］.Brieﬂy,thewelsofmicrotiterplates(Nunc,
Roskilde,Denmark)werecoatedwith1C6mousemono-
clonalanti-DAFantibody(IgG1κisotype).Stoolsuper-
natantswereaddedtothewels,andthenrabbitpoly-
clonalanti-DAFIgGwasadded.Afterwashing,bound
rabbitantibodywasdetectedwithhorseradishperoxidase
(HRP)-labeledgoatF(ab’)2anti-rabbitIgG(TAGO,Inc.,
Burlingame,CA,USA)and2,2’-azino-di-3-ethylbenzo-
thiazoline-6-sulphonicacid(ABTS)assubstrate.Optical
densities(OD)at415nmweremeasuredonanautomated
ELISAplatereader.Acalibrationcurvewasobtained
fromseveraldilutionsofknownquantitiesofpuriﬁed
DAF,andtheconcentrationsofstoolDAFwerecalcu-
lated.Sampleswereanalyzedinduplicate.
ToreﬁnetheELISAsystemusingonlymonoclonal
antibodies,weprepared,asdescribed［11］,2mouse
monoclonalanti-DAFantibodies(clone4F11and5B2)in
additiontothe1C6anti-DAFmonoclonalantibody.Al
oftheseantibodiesbelongtotheIgG1κisotypeand
recognizedi?erentepitopesontheDAFmolecule［11,
12］.The1C6antibodyisdirectedtotheactivesiteon
theDAFmolecule,i.e.,shortconsensusrepeat(SCR)3,
whereasthe4F11and5B2antibodiesrecognizeSCR4
andSCR2,respectively［12］.Biotin-labeled1C6and
4F11anti-DAFantibodieswerepreparedasdescribed
［13,14］.HumanDAFwaspuriﬁedfrompooledhuman
erythrocytestromaasdescribed［5,11］.
Todeterminethemostadequatecombinationofthese
anti-DAFmonoclonalantibodies,thefolowingcombina-
tionwasexamined:4F11or5B2antibodyontheELISA
platewithbiotin-labeled1C6antibodyasasecondanti-
body,and1C6or5B2antibodyontheELISAplatewith
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biotin-labeled4F11antibodyasasecondantibody.
VariousamountsofpuriﬁedDAFwereaddedtoeach
microtiterplatecoatedwith100μlofoneofthethree
anti-DAFmonoclonalantibodies(10μg/ml)andincubat-
edat4°Covernight.AfterwashingwithPBScontaining
0.05 Tween20,100μlofeitherbiotin-labeled1C6
(500ng/ml)orbiotin-labeled4F11wasaddedtothe
wels.Afterincubationatroomtemperaturefor2hand
washing,boundbiotin-labeledantibodiesweredetected
withHRP-labeledstreptavidin(ChemiconInternational,
Inc.,Temecula,CA,USA)andABTSasthesubstrate.
ODat415nmweremeasuredasdescribedabove.After
wedeterminedthecombinationofthemonoclonalanti-
bodies,wedeﬁnedthedynamicrangeforthenewELISA
systembymeasuringvariousamountsofpuriﬁedDAF;
wethenevaluatedtherelationshipbetweenDAFas
determinedbythenewandthepreviousELISAsusing
Pearson’scorrelationcoe?cient.
Results
Althougha
fewofthestoolsamplestreatedbylow-speedcentrifuga-
tionyieldedslightlyhighervaluesthandidthosewith
high-speedcentrifugation,stoolDAFamountsinthe
samples prepared with high-speed and low-speed
centrifugationdidnotdi?erremarkably(Table1).Addi-
tionofeitheroctylβ-glucosideorsodiumdeoxycholate
detergenttothesamplebu?erdidnotapparentlyinﬂuence
DAFvalues(Table2).
Amongthecombinationsof
monoclonalantibodiesexamined,thecombinationof
4F11and1C6antibodiesyieldedhigherODvaluesthan
didthosewithanycombinationincluding5B2antibody
(Fig.1).ODvaluesdidnotdi?erremarkablywhen4F11
antibodywaspresentontheELISAplatewithbiotin-
labeled1C6antibodyasasecondantibodyorwhen1C6
antibodywaspresentontheELISAplatewithbiotin-
labeled4F11antibodyasasecondantibody.Wethere-
forearbitrarilydecidedtouse4F11antibodytocoat
ELISAplatewelsandbiotin-labeled1C6antibodyto
detectDAFcapturedonthe4F11-coatedELISAplates.
Withthiscombinationofanti-DAFmonoclonalanti-
bodies,thenewELISAwassensitiveto0.8ng/mland
accurateto12.5ng/ml(Fig.2).DAFconcentrations
determinedbythenewELISAcorrelatedwel,andina
linearmanner(r＝0.999,P＜0.0001),withtheconcen-
trationsobtainedusingthepreviousELISA(Fig.3).
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Table1 E?ectsofcentrifugationinthepreparationofstool
samples
No.?
StoolDAF(ng/ml)
Centrifugation(＋) Centrifugation(－)
Control 1 0 0
2 41.5 43.4
3 35.8 145.2
4 0 0
Colorectalcancer 1 73.2 71.6
2 292.0 284.4
3 12.0 24.4
4 106.1 123.8
5 0 6.9
6 17.1 35.2
Stoolsampleswerecentrifugedeitherat20,000g for15min
(Centrifugation(＋)orinalow-speedbenchtopmicrocentrifugefor
30sec(Centrifugation(－).Supernatantswerecolectedandmea-
suredforDAFconcentrationbytheoriginalELISAusingacombina-
tionofmousemonoclonalandrabbitpolyclonalanti-DAFantibodies.
?,samplenumber.
Table2 E?ectsofdetergentsinthepreparationofstoolsamples
No. Samplebu?er
Detergents
Sodium
deoxycholate Octylβ-glucoside
Control 5 1.8 7.1 5.9
6 3.3 9.0 8.6
7 3.1 3.0 4.1
8 0 0 0.1
Colorectal 7 4.5 6.2 6.9
cancer 8 79.1 76.5 84.7
9 49.3 69.5 44.9
10 138.7 125.6 129.2
Stoolsweresuspendedinsamplebu?ercontainingeitheroctyl
β-glucoside(60mM)orsodiumdeoxycholate(9mM)incubatedat4°C
for30minandcentrifugedinalow-speedbenchtopmicrocentrifuge
for30sec.Supernatantswerecolected,andtheamountofDAFwas
measured(ng/ml)bytheoriginalELISA.Samplebu?er:PBS
containing 1% BSA, 0.05% Tween 20, and 1mM
phenylmethylsulfonylﬂuoride.
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Fig.1 ELISAusingonlymonoclonalanti-DAFantibodies.ELISA
plateswerecoatedwith4F11,5B2,or1C6anti-DAFmonoclonal
antibody.Plateswerethenincubatedwithvariousamountsofpuriﬁed
DAF.Afterwashing,eitherbiotin-labeled1C6antibodyorbiotin-
labeled4F11antibodywasadded,folowedbyHRP-labeledstre-
ptavidinandABTSasthesubstrate.○,4F11＋biotin-labeled1C6;
△,1C6＋biotin-labeled4F11;◇,5B2＋biotin-labeled4F11;□,
5B2＋ biotin-labeled1C6.
Fig.2 ThedynamicrangeofthenewELISAsystem.ELISAplates
werecoatedwith4F11anti-DAFantibodyandincubatedwithvarious
amountsofpuriﬁedDAF.Afterwashing,biotin-labeled1C6antibody,
HRP-labeledstreptavidinandABTSweresequentialyaddedtothe
plates.
Fig.3 TherelationshipbetweenDAFconcentrationsasdeter-
minedbythenewandtheoriginalELISA.Variousamountsofpuriﬁed
DAFweremeasuredbythenewELISAusing4F11andbiotin-labeled
1C6anti-DAFantibodiesandbytheoriginalELISAusingthepoly-
clonalandmonoclonalanti-DAFantibodies.Thecorrelationbetween
the2assayswasr＝0.999(P＜0.0001).
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Discussion
Inthisstudy,wereﬁnedtheexistingELISAsystem
formeasurementofstoolDAFforthedetectionof
colorectalcancer.Weinvestigatedthee?ectsofhigh-
speedcentrifugationofstoolsuspensionsandalsoconsid-
eredthee?ectsofaddingdetergentstosamplebu?ersfor
thesuspensionofstoolsamples.Wefoundthathigh-
speedcentrifugation,acumbersomeprocessrequiringan
expensivehigh-speedcentrifuge,couldbeomited;the
removaloflargeundigestedfoodresiduesviashort-
durationcentrifugationinalow-speedbenchtopmi-
crocentrifugesu?cedtopreparethestoolsamples.The
presentresultswilenabletheroutineuseofstoolDAF
testing,evenatsmalcliniclaboratories.Inourprevious
studyonDAFintheculturesupernatantsofHT-29
humancoloncancercels［10］,nearlyhalfoftheDAF
wasprecipitatedbycentrifugationat100,000g,andabout
one-fourthoftheDAFwasprecipitatedbycentrifugation
at15,000g.Thepreviousﬁndingssuggestedthata
signiﬁcantamountofDAFreleasedfromculturedHT-29
humancoloncancercelswasassociatedwithlargefrag-
mentssuchasdetachedwholecelsandceldebris,which
wereprecipitatedbycentrifugationat15,000g.Thus,we
expectedtoﬁndanincreaseintheamountofDAF
presentinstoolspecimensbyomitinghigh-speed
centrifugation;however,theamountsofstoolDAFdid
notchangeremarkablywithachangeinsampleprepara-
tion.Nonetheless,wefoundthatthecumbersomeproc-
essofhigh-speedcentrifugationcouldbeavoidedbyusing
ourreﬁnedassaysystem.
Inaddition,weexaminedthee?ectsof2detergents,
octylβ-glucosideandsodiumdeoxycholate,onsample
preparation.DAFproteinisanchoredtotheouterleaﬂet
oftheplasmamembranebyacovalentlyatachedglycosyl-
phosphatidylinositol(GPI)-anchor［15］.Asstatedabove,
ourpreviousstudydemonstratedthatnearlyhalfofthe
DAFinculturesupernatantsofHT-29celswaspresent
inthemembrane-boundform,whichwasprecipitatedby
centrifugationat100,000g［10］.GPI-anchoredproteins
areknowntoberesistanttosolubilizationbydetergents
suchasTriton-X［16-19］butthattheyaresolublein
octylβ-glucosideandsodiumdeoxycholate［18,19］.
Accordingly,additionofdetergentssuchasoctylβ-
glucosidewouldbeexpectedtosolubilizemembrane-
boundDAFandtherebyinﬂuenceDAFmeasurement.
However,inthisregard,wefoundnosigniﬁcant
di?erence.Thus,wedecidedtousetheoriginalbu?er
(PBScontaining1 BSA,0.05 Tween20,and1
mMphenylmethylsulfonylﬂuoride)forthesampleprepara-
tions.
Amongthe3monoclonalanti-DAFantibodiesstudied
inthisstudy,combinationwiththe5B2antibodyyielded
lowODvalues.Wethusdecidedtouse4F11and1C6
antibodiesinthenewELISA.Theobserveddi?erences
betweenODvaluescanbeatributedtoeitherthea?nity
oftheantibodytoDAFortotheepitopesofthese
antibodies.Fortunately,withtheuseof4F11and1C6
monoclonalantibodies,wecouldreﬁnetheELISAby
usingonlymonoclonalantibodies.Resultsobtainedwith
thereﬁnedsystemcorrelatedwelwiththoseobtained
usingthepreviousELISA.Thisalterationoftheprevi-
ousmethodalowedustoachieveastableELISAforthe
measurementofstoolDAFusingauniformsourceof
antibodies;theresultsshouldenableroutineuseofthe
DAFassayforthedetectionofcolorectalcancer.
DAFisknowntoberesistanttoproteolyticenzymes
［20］andisstableduringheattreatment［21］;we
previouslydemonstratedthatmeasurementofstoolDAF
yieldedconsistentresultsduring24hafterdefecation,
evenwhensampleswerekeptatroomtemperature［22］.
Thesepropertiesalowpatientstosendstoolsamplesby
mail,andthisconveniencefacilitatescompliancewith
colorectalcancerscreening.Onedisadvantageofthe
currentELISAsystemisthedynamicrangeoftheassay.
Theassaywasaccurateto12.5ng/ml,buttheamountof
DAFinstoolspecimenswasoftenabovethatlevel.In
suchcases,wehadtodilutestoolspecimensappropriate-
lytoﬁttheDAFconcentrationwithintheassayrange.
Thedevelopmentofanassaysystemwithawiderrange
wouldovercomethisinconvenienceandisthenextimpor-
tantsteprequiredtoimplementtheviableclinicaluseof
stoolDAFmeasurement.
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